Safety, feasibility, and outcome of retrievable vena cava filters in high-risk surgical patients  by Piano, Giancarlo et al.
From the Midwestern Vascular Surgical Society
Safety, feasibility, and outcome of retrievable vena
cava filters in high-risk surgical patients
Giancarlo Piano, MD, Erika R. Ketteler, MD, MA, Vivek Prachand, MD, Erin DeValk, RN,
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Objective: Retrievable vena cava filters (rVCFs) are being used frequently in the perioperative setting for preventing
pulmonary embolism. The indications and safety profile for placement of preoperative retrievable vena cava filters
(rVCFs) remains undefined, however. This study sought to determine the safety, feasibility, and outcome of rVCFs in
bariatric surgery patients, who are known as a high-risk population for periprocedural deep vein thrombus (DVT) or
pulmonary embolus, or both.
Methods: Between June 1, 2004, and October 1, 2005, protocols were developed and implemented at a tertiary referral
hospital for placement of rVCFs in 59 consecutive high-risk patients undergoing laparoscopic gastric bypass or duodenal
switch if they met any of the following criteria: body mass index >55 kg/m2, hypercoagulable state, severe immobility,
venous stasis, or previous history of DVT or pulmonary embolus. Using both Site-Rite (Bard Access Systems, Salt Lake
City, Utah) ultrasound and fluoroscopy, Günther Tulip (Cook, Inc., Bloomington, Ind) rVCFs were placed immediately
after general anesthesia, just preceding the bariatric procedure. The internal jugular vein was the preferred approach,
followed by the femoral vein. Retrieval was performed after the fourth postoperative week.
Results:During a 16-month period, 60 rVCFs were placed in 61 attempts, 57 through the internal jugular vein and three
through the femoral vein. Six patients refused the retrieval attempt. Of the remaining 54 rVCFs, the primary retrieval
success was 90% (49/54), with all failures due to severe filter tilt. The secondary retrieval success was 100% (3/3). The
two remaining patients refused secondary retrieval attempt. The mean standard deviation dwell time of the rVCFs was
63 30 days. No procedure complications occurred in placement or retrieval. One patient developed a clinical pulmonary
embolismwith the filter in place while not receiving postoperative anticoagulation. No patients died. Themean bodymass
index of the patients was 61  10 kg/m2.
Conclusion: Placement and retrieval of retrievable vena cava filters in high-risk bariatric surgery patients is safe, feasible,
and offers potential clinical benefit to patients requiring short-term protection from pulmonary embolism. (J Vasc Surg
2007;45:784-8.)Among the various risk factors for perioperative pulmo-
nary embolus is a body mass index (BMI) 50 kg/m2,
defined as superobesity. Superobesity represents a particu-
larly difficult challenge for venous thromboembolism pro-
phylaxis because the dose of anticoagulation is not fully
defined and the patients are likely to have major medical
comorbidities such as sleep apnea, congestive heart failure,
pulmonary hypertension, and severe venous stasis. The
incidence of pulmonary embolism in high-risk superobese
patients is reported to be as great as 17%.1
We examined the use of rVCF in superobese patients
undergoing laparoscopic Roux-en-Y gastric bypass or lapa-
roscopic duodenal switch. These patients represent a par-
ticular challenge for venous thromboembolism prophylaxis
because of the risk of postoperative bleeding from the
multiple staple lines that are created in the gastrointestinal
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784tract during the procedure. Given this high risk, we consid-
ered that this group of patients might benefit from rVCF
placement as an adjunct to the pharmacologic prophylaxis.
The aim of the present study was to determine the feasibil-
ity, safety, and outcome of rVCF placement in superobese
patients undergoing bariatric surgery in a tertiary referral
center for bariatric surgery.
MATERIALS AND METHODS
Patient selection. The University of Chicago Center
for the Surgical Treatment of Obesity is a multidisciplinary
program in which high-risk bariatric patients are screened
and treated. The study was approved by the University of
Chicago Institutional Review Board. Patients who were
considered candidates for bariatric surgery were then eval-
uated for implantation of an rVCF if they met any of the
following preoperative criteria: BMI55 kg/m2, hyperco-
agulable state, severe immobility, venous stasis, or previous
history of deep venous thrombosis (DVT) or pulmonary
embolus (Table I). Patients deemed as candidates for rVCF
were referred to the vascular surgeon (G. P.) for a full
assessment and informed consent for the rVCF placement
and eventual retrieval. Fifty-nine patients met the criteria.
Surgical technique. All patients had sequential com-
pression devices placed before undergoing anesthesia. At
induction of general anesthesia, the bariatric surgery pro-
tocol calls for patients to be placed on an intravenous
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U/h for a BMI50 kg/m2. The rVCFs were placed imme-
diately after general endotracheal anesthesia and just before
the bariatric procedure. After anesthesia, the patient’s right
neck and anterior chest was prepared and draped. Each
patient was positioned without a shoulder roll and with
caudal taping of the anterior chest wall to achieve clavicular
landmarks. The only filter device used was the Günther
Tulip Filter (Cook, Inc., Bloomington, Ind; Fig 1).
Site-Rite (Bard Access Systems, Salt Lake City, Utah)
ultrasound guidance was used for internal jugular vein (or
femoral vein approach in 3 patients) cannulation. The
internal jugular vein approach was preferred because there
is less subcutaneous fat in this region and it is technically
easier than the femoral approach, which is invariably com-
plicated by a hanging abdominal pannus in the superobese.
If placed through the jugular vein approach, attempts were
made during positioning to correct filter tilt. A completion
inferior venacavogram was performed after the deployment
to verify filter position and to determine the presence of
persistent tilt. The patient then was prepared for the bari-
atric procedure.
All patients received an upright chest radiography in
the recovery room after the bariatric procedure. Patients
were discharged from the hospital on twice daily enoxapa-
rin adjusted to a low-molecular weight heparin level of 0.3
to 0.5, unless a specific a contraindication to anticoagula-
tion existed.
Retrieval of filters. Oneweek before filter retrieval, all
patients were re-evaluated by the vascular surgeon (G. P.)
and underwent venous color-flow duplex ultrasound scan-
ning of the lower extremities to rule out lower extremity
DVT. If the study result was negative and the patient was
ambulatory, informed consent was obtained for the re-
trieval procedure. All retrievals were performed after the
fourth postoperative week. The rVCFs were removed as
part of an outpatient day surgery procedure. After general
anesthesia, the patient’s right neck and anterior chest were
prepared and draped. Sonosite ultrasound guidance was
used for internal jugular vein cannulation. Utilizing fluo-
roscopy, a cavagramwas performed with 35mL of contrast.
If no entrapped filter clot was present, then standard
filter retrieval proceeded. The filters were retrieved using
the Cook retrieval snare to capture the top of the filter
Table I. Preoperative criteria
Patients n (%)
Patients total (n) 59
BMI 55kg/m2 45 (76)
Hypercoagulable state 3 (5)
Severe immobility 4 (7)
Venous stasis 4 (7)
History of DVT or PE 6 (10)
BMI, Body mass index; DVT, deep venous thrombosis; PE, pulmonary
embolism.hook. Then, using a re-sheath technique, the filter wascollapsed and removed. Through the remaining retrieval
sheath, a cavagram was performed to evaluate vena cava
integrity. If the cavagram was without abnormality, the
sheath was removed and direct pressure was held at the
access site. The skin was then closed with absorbable suture
and a dry dressing was placed.
All patients received an upright chest radiograph in the
recovery room. If not contraindicated, enoxaparin prophy-
laxis therapy was continued for 1week.
Retrieval of filters with severe tilt. As part of the
protocol, complicated filter retrievals were planned referrals
to the interventional radiologist (T. V.H.). The patient was
also sent directly to the interventional radiologist for re-
trieval if the filter was severely tilted on the initial rVCF
deployment.
RESULTS
Between June 1, 2004, and October 1, 2005 (16
months), 59 patients were entered in this study. Mean
( standard deviation) patient age was 43  10 years
(range, 20 to 59 years). Most patients (49/59, 83%,) were
women. The mean BMI was 61 10 kg/m2 (range, 37.1
to 82.7 kg/m2).
Sixty rVCFs were placed in 61 attempts, 57 through the
internal jugular vein and three through the femoral vein,
One patient was unable to have a filter placed because we
were unable to enter the inferior vena cava from the internal
jugular vein, despite several attempts, and femoral vein
approaches were precluded because of a severe skin rash.
One patient had a mega cava (diameter 30 mm) and
Fig 1. The Günther Tulip retrievable inferior vena cava filter.required two filters (bilateral iliac). At retrieval, another
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filter by inferior venacavogram and required two filters
(tandem) until autolysis of the clot occurred 1 month later.
The mean dwell time of the rVCFs was 63  30 days
(range, 32 to 162 days). Before filter retrieval, all patients
underwent lower extremity venous color-flow duplex scan-
ning; no DVTs were detected. Of the 58 patients with the
60 indwelling rVCFs, six refused the primary retrieval at-
tempt and opted for conversion to permanent filter status.
Of the remaining 52 patients with the 54 indwelling
rVCFs, the primary filter retrieval success was 90% (49/54).
All failures of retrieval were due to filter tilt.
The vascular surgery service performed 42 successful
primary retrievals on an outpatient basis and seven retrievals
were performed by the interventional radiology (IR) ser-
vice in the IR suite. Of the five patients with primary
retrieval failure, two patients refused secondary retrieval
attempt by IR.
The remaining three patients with three tilted rVCFs
underwent successful secondary retrieval performed in the
IR radiology suite by the interventional radiologist (T. V.H.).
In one patient, the snare was modified to allow directional
placement of the snare on top of the filter hook. This was
accomplished by using a 90° angle van Amen catheter
(Cook, Inc., Bloomington, Ind), through which the snare
was placed. The tip of this catheter was then torqued
Fig 2. A loop snare technique was used to retrieve some filters.
The space between the filter legs, below the hook, was encircled,
bypassing the need to snare the hook of the filter.toward the tip of the tilted filter and the hook was snared.In the other two patients, a loop snare technique was
used because the modified snare technique was unsuccess-
ful, presumably due to hook incorporation into the IVC
wall. In the loop snare technique, a hydrophilic angled
Glidewire (Terumo Medical Corporation, Tokyo, Japan)
was used with the aid of a VS-1 curved catheter, (Boston
Scientific, Natick, Mass) to encircle the tip of the filter in
the space between the filter legs, below the hook, bypassing
the need to snare the hook of the filter. The loop of the wire
was then constrained with a snare at the free end, and the
filter was sheathed (Fig 2).
A total of 52 filters were retrieved (Table II). There
were no procedure complications (eg, death, pneumotho-
rax, hematoma, or pulmonary embolus, or cardiopulmo-
nary events) during filter placement or retrieval. Inferior
venacavograms were obtained during all filter retrievals,
and only the one aforementioned patient was detected to
have significant trapped thrombus. None of the completion
venacavograms obtained detected contrast extravasations
or vena cava penetration.
One patient with the filter in place developed a clinical
pulmonary embolus. This patient did not receive postoper-
ative anticoagulation due to a severe allergy to enoxaparin
and because the specimen of a liver biopsy performed at the
time of surgery demonstrated cirrhosis. After the presumed
clinical pulmonary embolus, the patient was anticoagulated
and was one of the patients who converted to permanent
filter status (Table III).
DISCUSSION
Since their introduction, retrievable vena cava filters
Table II. Status of 60 indwelling retrievable inferior vena
cava filters
Retrievable VCFs
n (%)
Converted to permanent filter 6 (10)
Primary retrieval success 49 (90)
Vascular 42
Interventional radiology 7
Primary retrieval
Failure 5 (9)
Refused secondary retrieval 2 (4)
Secondary
Retrieval Completed 3 (60)
Total filters retrieved 52 (87)
VCF, Vena cava filter.
Table III. Reasons for conversion to permanent filter
status
Reason N
Refused primary retrieval 6
Refused secondary retrieval 2
Total converted to permanent 8have been increasingly used in high-risk patients.2 These
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laxis in a patient who is at high risk for a limited duration of
time, while avoiding the potential for long-term complica-
tions associated with permanent filter implantation.3,4
There is ample evidence that bariatric surgery patients
constitute a population at high risk for DVT and conse-
quent PE.5 Studies have suggested that morbid obesity is
an independent risk factor in cases of sudden death from
acute pulmonary embolus.6 The incidence of DVT after
bariatric surgery is reported at 1% to 4%, and the incidence
of pulmonary embolus is reported at 1% to 17%.1,7 After
bariatric surgery, a fatal pulmonary embolus may be more
common than is clinically apparent. In an autopsy study of
10 patients who died after gastric bypass surgery, Melinek
found that only three deaths were attributable to pulmo-
nary embolism; however, eight patients had microscopic
evidence of pulmonary embolism with pulmonary infarc-
tion.8 At least three studies have reported deaths caused by
pulmonary embolism after bariatric surgery, despite hepa-
rin use.9-11 A recent series by Sugerman et al12 observed a
fatal pulmonary embolism rate of 4% in patients with an
average BMI of 61 kg/m2 in whom venous stasis disease
was present. Similarly, Gargiulo et al1 reported a small case
series in patients with a BMI of 55 kg/m2 and demon-
strated a 13% incidence of fatal pulmonary embolism.
The use of an rVCF in this subset of patients appears
justified and may be of particular value should anticoagula-
tion therapy need to be discontinued, as is often the case.
For example, in a retrospective analysis of 450 patients
undergoing laparoscopic Roux-en-Y gastric bypass, Meh-
ran et al13 found a 4.4% rate of postoperative hemorrhage,
of whom 15% required reoperation and 75% required trans-
fusion. A subsequent study of 250 bariatric patients receiv-
ing subcutaneous heparin preoperatively found a 2.4% rate
of postoperative hemorrhage, with a similarly high rate of
transfusion.14
Discontinuing heparin therapy to control bleeding in-
creases the likelihood of DVT and pulmonary embolism,
leaving the surgeon to negotiate a balance between the risks
of the two morbidities. Results from the present study
suggest at the very least that the safety profile of rVCF
placement in high-risk patients is acceptable. The efficacy of
filter placement in high-risk patients will require further
study.
There are technical nuances with this approach that
deserve mention. Of the 60 filters placed, six patients (10%)
refused a retrieval attempt. Of the remaining 54 patients,
we were able to retrieve 49 filters (90%) in a primary
attempt. All five failures were attributed to tilting of the
filter within the vena cava. Two of these five patients refused
a second attempt. We were able to retrieve the remaining
three filters (100%) in a second attempt. This was per-
formed in the IR suite, where we had a physician who was
familiar with difficult retrievals.
In our early patients, we noted a correlation between
filter tilt and retrieval difficulty. The Günther Tulip filter is
designed to be retrieved by snaring its hook; severe tilting
can result in the hook abutting the caval wall, making itdifficult to engage the hook with the snare. In some such
cases, particularly in patients with lengthy filter implanta-
tions, the hook can become endothelialized and incorpo-
rated into the caval wall, presenting further retrieval chal-
lenges. To reduce filter tilting, we began using a modified
deployment method, similar to that described by Lopera
et al,15 in which slight tension is maintained on the delivery
system during final filter release. We found this technique
resulted in better centering of the filter within the vena
cava.
General anesthesia was chosen as the preferred method
for retrieval. The rationale for this approach was to secure
the airway in a population of patients with known upper
airway obstruction, sleep apnea, and restrictive lung dis-
ease. Because the jugular access is the preferred approach
for both placement and retrieval procedures in these pa-
tients, we believe general anesthesia is the safest approach.
This approach requires a guidewire traverse of the right
atrium with fluoroscopy to successfully cannulate the infe-
rior vena cava. To achieve this we found the 0.035-inch
Bentson wire (Boston Scientific, Natick, Mass) combined
with tilting the table to the right lateral position to be
especially helpful. Routine use of ultrasonography to aid in
venous access was performed during all procedures.
Finally we accomplished a high filter retrieval rate be-
cause of a designated follow-up program and a strong
collaboration with IR.
CONCLUSIONS
Placement of a retrievable Günther Tulip vena cava
filter in high-risk bariatric surgery patients is safe and offers
potential clinical benefit to patients requiring short-term
protection from pulmonary embolism. Filter retrieval is
possible up to 3 to 4months after the procedure, and in one
case, up to 162 days. Certain modifications to the retrieval
procedure may serve to overcome anatomic and technical
challenges associated with this patient population.
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Unidentified speaker. I enjoyed your presentation. We had a
very similar approach _____ We found that several of the patients
with venous thrombosis ____ that very few of them _____ had any
DVTs or PEs _______. We have convinced our bariatric surgeons
that _______ In the meantime let’s have _______ The primary
question that goes through my mind is to say if it works ______
Dr. Giancarlo Piano. I think the answer to that question is
we do not know. I know that in your paper you found very few
clinical deep vein thromboses in patients who were asymptomatic
but there are subsequent papers that have found subclinical pul-
monary emboli in autopsy studies of bariatric patients. I do not
think it is quite clear. The other point is this is a superobese
population, which I believe is somewhat different from your pop-
ulation. Our mean body mass index was greater than 63, so that
may be a supersubset carve-out if you will.
Unidentified speaker. One thing you showed in your slide
______ versus _____ prophylaxis _______
Dr. Piano. I am not sure if it is efficacious. I know it is safe and
feasible and I think our outcomes were good.
Unidentified speaker. You said that you did duplex surveil-
lance of all the patients before removing the filter and anybody that
had a filter you would not remove the filter but it seems that all of
the patients were offered a filter removal, so does that mean that
you found no DVTs in any of these patients?
Dr. Piano.That is correct. There was no evidence of deep vein
thrombosis in the lower extremities in any of these patients.
Unidentified speaker. My question is a few different separate
parts. First of all, it looked like your placement was done intraop-
eratively with an OEC and particularly for our very obese patients
the imaging field size even with the biggest (II) that is available and
the quality of the imaging is really terrible. It is probably adequate
to place a filter. It is not very good for retrieving a filter and so when
we try to retrieve these filters we have tried to do them in the
cardiac catheterization lab where the imaging quality and the field
of view is substantially greater. I wonder if that was your experi-
ence, that sometimes imaging quality alone is a major difficultyWe also have found that sometimes the amount of time and
energy and physician and patient suffering, if that can be quanti-
fied, is not really worth the effort to retrieve the filters, particularly
with filters like the Tulip filter, which has an excellent track record
when placed for the longer term. I wondered why you were so
aggressive about trying to retrieve all these filters.
Dr. Piano. Regarding the image quality, in some of the
patients that were on the farther end of the spectrum in the 70
kg/m2 and 80 range, in those patients the image quality was not
great. I will grant you that, but our problem is that the IR suite and
the cardiology suite really cannot accept those patients because of
table weight limitations, so that is one issue. I found that ensnaring
these filters was not that difficult as long as the filter was not tilted,
so that was five patients where the tilt was severe and subsequently
we were able to get those patients and some of them were retrieved
farther out where they had lost 40, 50, 60, 70 pounds when we
were able to retrieve those in the interventional radiology suite.
We were aggressive in part because historically even the
Günther Tulip filter has an incidence of caval thrombosis that we
recognize. The patients were all informed of this, and they were in
agreement to proceed with filter retrieval. I did not quantitate it,
but I would have to say that we spent approximately a half an hour
trying to retrieve most of these filters and if I was not able to
retrieve after 30 minutes I would stop because that indicated the
filter was too tilted to be retrieved.
Unidentified speaker. John, I enjoyed your presentation very
much. I wanted you to address the table weight limitations more
formally because that is a problem that we have had and we end up
having to do it in the operating room with pretty marginal imag-
ing.
Dr. Piano. The table weight limitations that we have are 400
pounds.
Unidentified speaker (moderator?). Can you give an idea
about what is the table limit in most places? I think even in the
operating room we can only go up to about 450 at most. I think it
is a problem. Thanks.
